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Abstract 

Keywords Parkinson’s disease is the second age related neurodegenerative disorder, 
Parkinson’s disease affects almost 10 million people worldwide. Sporadic cases of PD resulted 
Computational drug designing from aging and environmental factors while familial cases resulted from 
Mutations mutations in LRRK2, SNCA, PRKN, GBA, UCHLI, DJ-1, and PINKI. 
Inhibitors However, some genes mutations are not inherited (sporadic). Computational 
approaches played a major role in the development of drug used in clinical 
practice. These computational methods have evolved with the experimental 
How to Cite methods that underpin the development of novel compounds against disease. 
Noor F, Khalid M, Saeed A. In this review article we elaborate mechanisms of gene variants involves in 
Computational drug designing: A Parkinson’s disease, to epitomize computationally derived inhibitors against 
new paradigm for the treatment of these variants, utilizing in silico approaches to find the molecules and explain 

Parkinson’s disease. Biomedical the effect of particular molecule binds with target molecules. 
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Introduction 


Parkinson Disease (PD) was expressed by James 
Parkinson about 2 centuries ago in 1817 having 
irregular muscular power. From 100,000 people 
worldwide, almost 35 new cases expressed every year 
[1, 2]. PD is an escalating neurodegenerative disease 
caused by characteristic motor symptoms of rhythmic 
shaking in hands, arms, head legs, and improper 
postural balance [3]. The symptoms of PD include 
cortico-balance degeneration (CBD), multiple system 
atrophy (MSA) and synucleinopathies (tauopathies). 
The accumulation of top ranked proteins having 
deteriorating neuron and glia lessen the PD [4]. There 
are peculiar neuropathological changes in brain in PD. 
The irregular proteinaceous spherical bodies called 
Lewy bodies are formed [5]. In substantianigra Lewy 
bodies (which contain a-synucline) and loss of 
dopaminergic neuron facilitate the reduction of 
voluntary movement which is a significant 
neuropathological finding [6]. The causes of PD 
include genetic cause, environmental factors, aging 
and the genetic causes may include mutation in single 
gene (Fig. 1). 

Numerous genes are involved while VPS35, SNCA 
and LRRK2 are autosomal dominant and DJ1, parkin 
and PINK are recessive [7]. The dysregulation in 
DJ1,PRKN, PINK1, LRRK2, SNCA, VPS35 and 
GBA genes lead to PD [8]. The environmental factors 
include oxidative stress, passive smoking, strenuous 
exercise, plasma urate and traumatic brain injury [9]. 
The dopaminergic neurons damage in the pars 
compact (portion of SN which is medial to pars 
reticulate) of substantianigra (structure in midbrain 
that involve in movement) involve in motor symptoms 
and olfactory impairment include in non-motor 
symptoms [10, 11]. There are six neuropathological 
disease changes in PD. The first two pre-symptomatic 
stages of PD are the inclusion bodies pinched to 
medulla oblongata and olfactory bulb. In third and 
fourth stages, the substantianigra and other nuclei of 
the midbrain and forebrain become ostentatious with 
the continuation of the disease. At this stage, the 
patients begin to show clinical symptoms of PD. In 
last two stages, neocortex show various symptoms 
[12]. 

Although, the degeneration of dopaminergic 
nigrostriatal neurons with Lewy bodies is significant 
correlate of motor dysregulation in PD, however the 
damage in cytoskeleton of other nerve cells 
tryptaminergic, adrenergic, cholinergic glutamatergic, 
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GABA-ergic, and noradrenergic nerve also observed 
in PD [13]. Many FDA approved are available for the 
treatment of typical Parkinson’s disease (Fig. 2). 
Computer aided drug design use in rational drug 
design aims at to reduce the time to analyze and 
develop drugs and to determine target for novel drug 
candidates. It is useful for proximate design of 
prodrugs. The first step of drug design is to identify 
the appropriate target molecule linked with a disease 
(Fig. 3) [14]. The computational approaches used in 
disclosure of therapeutic compounds [15]. By using a 
broad area of computational approaches computer 
aided drug designing linked with medicinal chemistry 
and drug discovery, which surpasses both practical 
applications and novel methodologies [16]. Although, 
the conventional approaches has expensive trial 
procedures [17]. 

Various computational approaches utilized for drug 
designing including structure-based drug designing. 
This approach necessitate recognition of an 
appropriate protein target [18, 19]. A typical structure 
based drug designing is begin with the identifications 
and corroboration of the structure [20]. X-ray 
crystallography and Nuclear Magnetic Resonance 
(NMR) are employed for 3D structural prediction 
through experimental analyses. Homology modeling 
is an infallible method to determine the computational 
3D structure predictions. Virtual screening has been to 
scrutinize different compounds by screening large 
chemical libraries [19, 21, 22]. Different databases 
such as ZINC and ChEMBL are used for virtual 
screening [23, 24]. Usually, structure based virtual 
screening is performed on the 3D structure 
experimentally solved through X-ray crystallography 
and NMR while ligand based virtual screening 1s 
employed for computationally predicted structures 
[25, 26]. De novo design is used to design the novel 
compounds [27]. 

Ligand based drug designing is utilized to develop 
therapeutically active compounds in order to observe 
such molecule that are interrelate with target [28].The 
function of a protein depends on its structure and 
Quantitative structure-activity relationship (QSAR) 
utilized to study the association between the structure 
and function [29]. Comparative molecular field 
analysis (COoMFA), an approach of 3D QSAR is 
widely used [30]. Pharmacophore represents a 
conceptual model to describe the structure binding 
affinity relationship [31]. Computational drug 
designing includes to identify the active binding site, 
screening of chemical libraries to identify potent hit 
molecule, to optimize 
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Fig. 1: Genetic mutation, environmental factor and oxidative stress induce dopaminergic cell death which causes 
movement disorder. 
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Fig. 2: FDA approved drugs for the treatment of Parkinson's disease 
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Fig. 3: Schematic representation of drug discovery process. 


Genetics of Parkinson’s disease and 
computational drug designing 


It has been reported that mutations in the, PINK1, 
PLA2G6, DJ1, PRKN, ATP13A2, FBXO7, SYNJ1, 
DNAJC6, VPS13C, C19orf12, RAB39B, LRRK2, 
SNCA, VPS35 and UCHLI are involved in PD [33]. 
GBA is considered as a risk gene of PD [34]. VPS35 
mutations are rarely cause PD [35]. There has been 
limited literature available for PINK1, DJ1, PRKN 
[36]. SVCA, PINK], LRRK2, PRKN and DJI (Table 
1) are most common causative genes involved in PD 
[37]. In this review article, 9 genes (PRKN, PINKI, 
DJ1, ATP13A2, LRRK2, SNCA, VPS35, GBA and 
UCHL1) will be discussed. However, computational 
work on UCHLI, GBA, VPS35 and PRKN is a 
challenge in computational drug designing. 

The mutation in Leucine-Rich Repeat Kinase 2 
(LRRK2) have significant involvement in the cause of 
PD [66]. ROCO protein family has multi-domain 


serine-threonine repeat kinase [67]. LRRK2 encoded 
the dardarin protein. The leucine-rich region of 
dardarin has large number of amino acids. These 
regions are interacting with other proteins through 
signal transduction. The interaction of phosphate 
groups in proteins known as phosphorylation that 
helps the brain for cell manufacturing processes leads 
to the enzymatic function of dardarin as kinase 
activity. The large amount of protein formation leads 
to the autophagy of the cells through phosphorylations 
[66]. LRRK2 encodes a protein of 2527 amino acids 
[68]. Several cellular and signaling pathways 
including mitochondrial function, retromer complex 
modulation and autophagy regulation are associated to 
LRRK2 [67]. LRRK2 is responsible for PD which 
inherit in autosomal dominant pattern [69]. In both 
inherited and non-inherited PD cases, missense 
mutations are present in case of LRRK2. The decrease 
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in LRRK2 kinase activity can be determined by using 
systematic computational approaches. The drug 
resistance can be identified by using 3D structures of 
LRRK2 functional domains. In both wild and mutant 
conformations, the binding efficiency of L-dopa is 
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analyzed followed by virtual screening to determine 
small molecules. The binding efficiency of recently 


Table 1: Summarized PD related genes and computationally derived drugs against variants. 


Gene name 
Cytogenetic 
location 


Locus 


Protein 


Inheritance pattern 


Functions 


Mutations 


Computationally 
derived drugs 


References 


LRRK2 
12q12 


PARK8 


Leucine-rich 
repeat protein 
kinase 2 
Account for ~7% 
familial 
worldwide and 
Sporadic 
autosomal 
dominant (AD) 
PD 

Scaffolding 
protein, 
Contribute 
toward the 
neuronal cell 
death 


G2019S 
12020T mutations 


LRRK2 inhibitors 


[36, 38-47] 


SNCA 
4q21 


PARK1 and 
PARK4 
Alpha-synuclein 


Account for 
familial and 
closely 
resemblance with 
sporadic 
Autosomal 
dominant (AD) PD 
Regulate glucose 
level, dopamine 
synthesis. 
chaperone 
activity. 


A30P, E46K, 
H50Q, G51Dand 
A53T 


Mitoquinonemesy- 
late and 
Ubiquinone-10 
[39, 47-54] 


putative kinase 1 


Cause autosomal 
recessive (AR) 
early-onset PD and 
account for 
familial and 1-4% 
sporadic PD 


Maintain 
mitochondrial 
integrity and 
functions 


Non-sense, 
missense and 
frameshift 
mutations are 
common 


L-DOPA 


[33, 39, 47, 55-59] 


Account for about 
50% of familial 
and 18% of 
sporadic autosomal 
recessive (AR) 
early onset in 
Europeans. 
Function in 
respiratory chain, 
mitophagy and 
mitochondrial 
dynamics 


Rearrangements, 
deletions or 
insertions, 
although point 
mutations have 
been also reported 


[33, 39, 47, 55, 60] 


identified inhibitors can be analyzed through 
Molecular Dynamics (MD) simulations [70]. 
PINKI PRKN DJI 
1p35-p36 6q26 1p36.23 
PARK6 PARK2 PARK7 
PTEN-induced Parkin Parkinson’s 


disease protein 


Cause familial 
more than sporadic 
PD and account for 
about 0.4% early 
onset autosomal 
recessive (AR) PD 


Transcriptional 
regulation, 
antioxidant 
response, and 
chaperone 
functions 


Leu166Pro, 
Alal04, Glu163, 
Met26, Glu64 and 
Asp 149 


Bacoside-A and 
L-DOPA 


[33, 47, 56, 61-65] 


The selective and brain-permeable LRRK2 inhibitors 
can be designed with vast efforts which could be a 
good treatment option for PD [71]. A guanosine 
triphosphate hydrolase (GTPase) domain (Ras of 
complex — ROC) and an adenosine triphosphate 
(ATP)-utilizing kinase are two distinct but 
functionally related enzymatic domains of ROCO 
protein family (Fig. 4). Among the 50 reported 
mutations of LRRK2, G2019S point mutation is the 
most common pathogenic mutation. The pathogenic 
mutations has been classified as gain-of-function 
mutations because it enhance the LRRK2 kinase 
activity [72]. The degeneration and death of brain cells 
could stop by removal of phosphorylations which 
binds with ribosomal s15 and protein production can 
be blocked by regulating low dose of anisomycin. The 


study of structural, functional and mutational analyses 
of LRRK2 could be helpful in drug designing. A series 
of 2,4 diaminopyrimidine inhibitors developed by 
using homology modeling aim to develop brain 
permeable highly effective and selective LRRK2 
inhibitors [43]. 2-anilino-4-methylamino-5- 
chloropyrimidine and HG-10-102-01 are considered 
as the effective inhibitors of wild-type LRRK2 and 
G2019S mutant [44]. An application of 160 cell 
permeable and ATP competitive kinase inhibitor for 
LRRK2 de-phosphorylation at serine cluster such as 
Ser910/935/955/973 shows positive results [36]. Jn 
silico modeling used to generate mino-pyrimidine 
GNE-7915 and has been accounted as effective, brain- 
penetrant and non-toxic inhibitor of LRRK2 [46]. 
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Fig. 4: LRRK2 domain structure and PD linked mutations 


SNCA was first reported gene involved in PD (alpha- 
synuclein) having missense mutation. The encoded 
protein, alpha-synuclein forms toxic oligomers and 
accumulate in the neurons that eventually visible as 
Lewy bodies, which perform a significant role in the 
molecular origination and development of PD [73]. It 
is mainly found in the presynaptic terminals of neuron 
cells, made up of 140 different amino acids that 
attaches the protein to membrane[54]. Alpha- 
synuclein is capable of adopting different structural 
conformations formed by low pH, heat, organic 
solvent and metal ions. It is an unstructured and 
unfolded protein and the product of chameleon 
proteins. Structurally, alpha-synuclein has three 
regions. C-terminus balances the aggregation of 
alpha-synuclein, the central NAC region which is 
highly hydrophobic and the N-terminal region is 
concerned with lipid binding [74]. 

A18T, A29S, A30P, E46K, H50Q, G51D, A53E, 
AS53T are the eight different mutations involved to 
cause PD. The most common 5 missense mutation are 
A30P, E46K, H50Q, G51D and A53T (Fig. 5), 
promotes a-Synuclein aggregation. The 
oligomerization enhanced by A30P mutation whereas 
aggregation process is reduced by G51D and A53E 
mutations. Alpha-synuclein gene cause familial PD in 
rare cases however sporadic Parkinsonism is mainly 
caused by the aggregation of synuclein [74]. SNCA 
duplication accounts for 1-2% of PD cases [75]. The 
alpha-synuclein protein investigated at the mutated 
level to elucidate the novel molecules. The modeling 
of the mutated structures followed by structure-based 
pharmacophore prediction reported antioxidants 
compounds such as Mitoquinonemesylate and 
Ubiquinone-10. Hydrogen bond donor/acceptor, 
hydrophobic, aromatic features were also determined. 


Virtual screening was done to scrutinize the best hits 
from the Drug bank database [54]. 

The activation of parkin occurs through the 
phosphorylation of PINK] (PTEN-Induced Kinase1). 
The mitochondrial degradation by mitophagy occurs 
through signals provided by ubiquitylation of 
substrates chains of parkin at outer mitochondrial 
membrane (OMM) [76]. It provides protection to 
neurons against damaged mitochondria [77]. PINK1 
kinase activity is significant as PINK1 mutations are 
mostly present in kinase domain [76]. During 
mitochondrial internal control, PINK1 and parkin 
functionally cooperate to identify, label and remove 
the damaged organelles [78]. By various molecular 
methods, missense mutation in PINK1 can interfere 
with mitochondrial internal control [79]. The loss of 
function occurs due to instability of transcript in 
PINKI p.Q456X at protein level [80]. Almost like 
PINK1 wild-type, mutant p.G411S on damage forms 
dimer at OMM [81]. The novel p.1368N mutation is 
described by complete inspection of PINK1 regulation 
and designing of drug using clinical approaches. On 
mitochondrial stress, the stability of p.1368N is 
seriously damaged. The polish family having p.1368N 
mutation, the blood and skin specimens were retrieved 
and observed the parkinsonian traits on dominant side 
[59]. 

PRKN encoded the parkin RBR E3 ubiquitin protein 
ligase having 465 amino acids. The loss of function 
causes mitochondrial dysfunction, impaired 
mitophagy and accumulation of proteins [82, 83]. 
RINGO, RINGI, In-Between-RING (IBR) and 
RING2 are four zinc coordinating domains in parkin 
linked to N-terminal Ub-like domain and form a core 
(RORBR). PINKI activates parkin and depolarization 
damaged the mitochondria and phosphorylates 
adjacent Ub. The attachment of parkin to phospho-Ub 
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helps in PINK1 phosphorylation of parkin Ubl (Ub- 
likedomain) and activates parkin [84]. In PD patients, 
about 16.4% and 17.2% mutations are reported in the 
RING and REP domains of parkin having 10.2% and 
11% are disease-causing. Parkin performs several 
cellular functions including mitophagy, vesicle 
trafficking and cell cycle [83]. Parkin saves the 
degeneration of dopamine (DA) neurons [85]. Parkin 
is restricted particularly to cytosol, however 
endogenous parkin is present relatively in a small 
proportion within the mitochondria and also outside 
the mitochondria. Parkin played a regulatory role in 
mitochondria by promoting the removal of damage 
mitochondria through mitophagy [86]. 


Lipid binding domain 


m= 


N-terminus 


a-synuclein 
protein 
Mutations 
A30P 
E46K 
H50Q 
A53T 
GS51D 


Promotes aggregation 


i e 


Biomedical Letters 2020; 6(2):164-176 


In 2003, a genic form of PD were first identified in 
Deglycase (DJI) or PARK7 (Parkinsonism 
Associated Deglycase), 189 amino acid. DJI located 
at chromosome 1(1p36.23), and 20kDa [65, 87, 88]. 
DJ1 contributes to the oxidative stress response [89]. 
The autosomal recessive PD caused by DJI due to 
Leul66Pro (L166P) mutation (Fig. 6) that weakens 
the dimer resulting in low protein level by promoting 
DJ1 degradation [87]. The sporadic type of PD is due 
to the mutated DJI which demonstrates reduced 
nuclear localization and translocation to 
mitochondria. DJ-1 isoforms were determined 
through homology modeling [90]. 


Inhibits aggregation 


C-terminus 





Fig. 5: Genomic structure of alpha synuclein protein and PD linked mutations 


DJ1 is a significant target for developing new 
therapeutic agents due to its characteristic of oxidative 
sensor. In rat PD models, the dopaminergic neurons 
protected by using the recombinant wild-type DJ1. 
The treatment of L-DOPA is normally given to PD 
patients having signs as tremors, rigidity, abnormal 
thinking, perceptions and cognitive decline [65]. By 
using various computational methods, the interactions 
between DJ1 and ligands, Bacoside-A and L-DOPA 
were studied. The molecular docking studies revealed 
that Bacoside-A interacted at the reported binding site 
and binding atomic coordination were evaluated with 
the template complex coordination. The analyses of 
active binding sites against DJ-1 and molecular 
docking analyses of Bacoside-A with active binding 
site showed potential target site. The treatment of 


neurodegenerative disorders can be done by using in 
silico method for identifying ligands by means of 
practical software and online tools [64]. 

GBA encodes G case, 497 amino acids encode for 
glucocerebrocidase (G case) located at chromosome 
1(1q21), is a risk factor for sporadic PD. G case 
concerned with the metamorphosis of 
glycosylceramide and involves in the endo-lysosomal 
pathway. The mutations in GBA inclined to fold 
incorrectly leads to nonfunctional G case [91-93]. 
The homozygous mutation in GBA has been linked 
with Gaucher disease, considered as associated with 
PD [92, 94]. A single heterozygous mutation in GBA 
regarded as linked with PD [34].Improper G case 
activity causes accumulation of alpha-synuclein [94]. 
GBA are not performed its function appropriately in 
the endoplasmic reticulum due to mutations and 
creates amass of protein in cellular cavity causes cell 
death [95]. K198T, E326K, T369M, R496H, V394L, 
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D409H, L444P, and N370S are the variants of GBA high throughput screening lead compounds 
(Fig. 7). However, N370S and L444P are common = NCGC758 and NCGC607 showed potential for 
[96].MD simulations showed that NN-DNJ is suitable therapeutic development [97]. 

against protein with N370S mutation. 

Ambroxol has shown significance performance 

against N370S and L444P mutations [91]. Through, 
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Fig. 6: Schematic representation of DJ1 showing the location of mutations identified in PD 
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Fig. 7: Schematic representation of GBA showing the location of mutations identified in PD 
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Vacuolar Protein Sorting-associated protein35 
(VPS35), a causative genes linked with familial and 
sporadic autosomal dominant PD encodes for a 796 
amino acid subunit of membrane recycling retromer 
complex with a relative molecular mass of 92kDa [35, 
47, 98]. Retromer present throughout the neuron 
involves in recycling of transmembrane protein [99], 
endosomal sorting and protein trafficking. It also 
involves in the transportation of protein in 
mitochondria during autopahgosome formation [100]. 
The mutation in VPS35 leads to abnormal trafficking 
cause PD and also causes disturbance in the function 
of mitochondria and dopaminergic cell loss [101]. The 
mutations in VPS35 occur due to improper binding of 
WASH (WASP and Scar homologue) complex. D620 
(VPS35 mutation) decreases the capability of VPS35 
to cohere with WASH complex and disruption of 
endosomal sorting and endosomal recruitment of 
WASH complex. Improper WASH binding reduced 
the autophagosome formation. The overexpression of 
D620N VPS35 disrupts the trafficking of GluR1 that 
changed the synaptic transmission. VPS35 mutation 
disrupts the mitochondrial dynamics and functions. 
D620N, P316S, R524W, L774M, R32S, I560T, 
HS599R, M607V, 551S are the variants of VPS35 
linked to PD. D620N occurs in high frequency [99]. 
VPS35 variants responded well to L-dopa [102]. 

UCHLI encodes 223 amino acids enzyme called 
Ubiquitin C-terminal hydrolase L1 [103, 104]. A 
copious protein in the brain with cytogenetic location 
at 4p14. The mutation in UCHLI causes reduction in 
the catalytic activity of enzyme called hydrolase, 
which disturb Ubiquitin proteasome system, involves 
in protein catabolism and contribute to the late-onset 
form of PD [93, 105, 106]. UCHLI harbor 193M and 
SI8Y PD [107]. The whole exome sequencing 
identified two new UCHLI variants called Arg178GIn 
and Ala216Asp [106]. a-synuclein protein degraded 
and cause the formation of Lewy bodies due to 
variations in ubiquitin proteasomal system [108]. 

In 2006 in Chilean family, a PD associated gene 
recognized named ATPI3A2. It comprises 1180 
amino acids, responsible for the production of 
lysosomal p-type ATPase, come out with revelation of 
Kufor-Rakeb syndrome (KRS). ATP13A2 mutation 
confer to neuronal ceroid lipofuscinoses (NCLs) [109, 
110] and highly expressed in substantianigra. The key 
function of ATP/3A2 is to regulate the cation 
homeostasis [111]. Mutations in ATP13A2 contribute 
to the Juvenile and early-onset form of PD which 
disturbs the lysosomal function, leads to 
mitochondrial dysfunction. p.1441F and p.A1069T are 
the variants of ATPI3A2 [47, 112]. ATP13A2 
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prevents the alpha-synuclein assemblage, so mutation 
promotes the overexpression of alpha-synuclein 
resulting in cell death [113]. The abnormal 
accumulation of cations like manganese, zinc, iron ad 
cadmium can cause neurodegeneration because 
ATP13A2 involves in trans membrane transport of 
these cations [114]. 


Bioinformatics and drug designing 


This is an era of Big Data with scientists producing a 
vast amount of data using bioinformatics. 
Computational methods used in computational drug 
designing for target identification, lead identification 
and optimization utilized bioinformatics tools and 
databases. Bioinformatics employing computational, 
mathematical and statistical ways is a very recent 
emerging interdisciplinary science that finds the 
solution of biological problems. The methods of 
designing new drugs using bioinformatics tools have 
opened up a new field of research [115, 116] . The 
growing demand for additional drug design in the 
short term with minimal risk is leading to greater 
interest in bioinformatics. Bioinformatics tools can 
provide knowledge about possible nucleotide and 
protein sequence information, types of protein 
expression data, disease relatives, variations, 
homology, map information and structure information 
which helps in designing novel inhibitors against 
neurological disorders [117, 118]. 


Conclusion 


Parkinson’s disease is a challenging disease as it 
affects the neuron, which is the building block of 
human nervous system. Computational drug 
designing techniques focused to identify new drug 
candidates utilizing in silico techniques to identify 
new compounds as therapeutic agents. Emergence of 
computational drug designing offer 
more opportunities to understand Parkinson’s disease. 


Acknowledgments 


Authors are thankful to the Department of 
Bioinformatics and Biotechnology, Government 
College University Faisalabad to provide the research 
platform. 


Conflict of interest 


The authors declare no conflict of interests. 


172 


References 


[1] Goetz CG. The history of Parkinson's disease: early 
clinical descriptions and neurological therapies. Cold 
Spring Harbor perspectives in medicine. 
2011;1:a008862. 

[2] Mak MK, Wong-Yu IS, Shen X, Chung CL. Long-term 
effects of exercise and physical therapy in people with 
Parkinson disease. Nature Reviews Neurology. 
2017;13:689. 

[3] Capriotti T, Terzakis K. Parkinson disease. Home 
healthcare now. 2016;34:300-7. 

[4] Dickson DW. Neuropathology of Parkinson disease. 
Parkinsonism & related disorders. 2018;46:S30-S3. 

[5] Sveinbjornsdottir S. The clinical symptoms of 
Parkinson's disease. Journal of neurochemistry. 
2016;139:318-24. 

[6] Tysnes O-B, Storstein A. Epidemiology of Parkinson’s 
disease. Journal of Neural Transmission. 
2017;124:901-5. 

[7] Lill C, Klein C. Epidemiology and causes of Parkinson's 
disease. Der Nervenarzt. 2017;88:345-55. 

[8] Kim CY, Alcalay RN. Genetic forms of Parkinson's 
disease. Seminars in neurology: Thieme Medical 
Publishers; 2017. p. 135-46. 

[9] Chen H, Ritz B. The search for environmental causes of 
Parkinson’s disease: moving forward. Journal of 
Parkinson's disease. 2018;8:S9-S17. 

[10] Ferrari CC, Godoy MCP, Tarelli R, Chertoff M, Depino 
AM, Pitossi FJ. Progressive neurodegeneration and 
motor disabilities induced by chronic expression of IL- 
IB in the substantia nigra. Neurobiology of disease. 
2006;24:183-93. 

[11] Elbaz A. Parkinson's disease and rural environment. La 
Revue du praticien. 2007;57:37-9. 

[12] Braak H, Ghebremedhin E, Rüb U, Bratzke H, Del 
Tredici K. Stages in the development of Parkinson’s 
disease-related pathology. Cell and tissue research. 
2004;318:121-34. 

[13] Braak H, Braak E. Pathoanatomy of Parkinson’s 
disease. Journal of neurology. 2000;247:I13-II10. 

[14] Acharya C, Coop A, E Polli J, D MacKerell A. Recent 
advances in ligand-based drug design: relevance and 
utility of the conformationally sampled pharmacophore 
approach. Current computer-aided drug design. 
2011;7:10-22. 

[15] Huang H-J, Yu HW, Chen C-Y, Hsu C-H, Chen H-Y, 
Lee K-J, et al. Current developments of computer-aided 
drug design. Journal of the Taiwan Institute of 
Chemical Engineers. 2010;41:623-35. 

[16] Bajorath J. Computational analysis of ligand 
relationships within target families. Current opinion in 
chemical biology. 2008;12:352-8. 

[17] Douguet D, Munier-Lehmann H, Labesse G, Pochet S. 
LEA3D: a computer-aided ligand design for structure- 
based drug design. Journal of medicinal chemistry. 
2005;348:2457-68. 

[18] Goodnow Jr RA. Hit and lead identification: integrated 
technology-based approaches. Drug Discovery Today: 
Technologies. 2006;3:367-75. 


Biomedical Letters 2020; 6(2):164-176 


[19] Keserü GM, Makara GM. The influence of lead 
discovery strategies on the properties of drug 
candidates. nature reviews Drug Discovery. 
2009;8:203-12. 

[20] Grant MA. Protein structure prediction in structure- 
based ligand design and virtual screening. 
Combinatorial chemistry & high throughput screening. 
2009;12:940-60. 

[21] Shoichet BK. Virtual screening of chemical libraries. 
Nature. 2004;432:862-5. 

[22] Samant LR, Sangar VC, Chowdhary A. Online servers 
and offline tools for protein modelling, optimization 
and validation: a review. Int J Pharm Sci Rev Res. 
2014;28:123-7. 

[23] Irwin JJ, Shoichet BK. ZINC- a free database of 
commercially available compounds for virtual 
screening. Journal of chemical information and 
modeling. 2005;45:177-82. 

[24] Zheng M, Liu Z, Yan X, Ding Q, Gu Q, Xu J. LBVS: 
an online platform for ligand-based virtual screening 
using publicly accessible databases. Molecular 
diversity. 2014;18:829-40. 

[25] Muegge I, Oloff S. Advances in virtual screening. Drug 
discovery today: technologies. 2006;3:405-11. 

[26] Sperandio O, Petitjean M, Tufféry P. wwLigCSRre: a 
3D ligand-based server for hit identification and 
optimization. Nucleic acids research. 2009;37:W504- 
W9. 

[27] Sliwoski G, Kothiwale S, Meiler J, Lowe EW. 
Computational methods in drug discovery. 
Pharmacological reviews. 2014;66:334-95. 

[28] Hung C-L. Computational Methods for Drug Aid 
Design. Combinatorial chemistry & high throughput 
screening. 2018;21:72-3. 

[29] Verma J, Khedkar VM, Coutinho EC. 3D-QSAR in 
drug design-a review. Current topics in medicinal 
chemistry. 2010;10:95-115. 

[30] Sippl W. Receptor-based 3D QSAR analysis of estrogen 
receptor ligands—merging the accuracy of receptor- 
based alignments with the computational efficiency of 
ligand-based methods. Journal of computer-aided 
molecular design. 2000;14:559-72. 

[31] Horvath D. Pharmacophore-based virtual screening. 
Chemoinformatics and computational chemical 
biology: Springer; 2010. p. 261-98. 

[32] Zheng M, Zhao J, Cui C, Fu Z, Li X, Liu X, et al. 
Computational chemical biology and drug design: 
Facilitating protein structure, function, and modulation 
studies. Medicinal research reviews. 2018;38:9 14-50. 

[33] Correia Guedes L, Mestre T, Outeiro TF, Ferreira JJ. 
Are genetic and idiopathic forms of Parkinson's disease 
the same disease? Journal of neurochemistry. 
2020;152:515-22. 

[34] Schulte C, Gasser T. Genetic basis of Parkinson’s 
disease: inheritance, penetrance, and expression. The 
application of clinical genetics. 2011;4:67. 

[35] Eleuteri S, Albanese A. VPS35-Based Approach: A 
Potential Innovative Treatment in Parkinson's Disease. 
Frontiers in Neurology. 2019;10. 

[36] Sehgal SA, Hammad MA, Tahir RA, Akram HN, 
Ahmad F. Current therapeutic molecules and targets in 


173 


neurodegenerative diseases based on in silico drug 
design. Current neuropharmacology. 2018;16:649-63. 

[37] Mullin S, Schapira A. The genetics of Parkinson's 
disease. British medical bulletin. 2015;114:39-52. 

[38] Saunders-Pullman R, Raymond D, Elango S. LRRK2 
Parkinson Disease. GeneReviews®|Internet]: 
University of Washington, Seattle; 2019. 

[39] Domingo A, Klein C. Genetics of Parkinson disease. 
Handbook of clinical neurology: Elsevier; 2018. p. 211- 
2l. 

[40] Yoon J-H, Mo J-S, Kim M-Y, Ann E-J, Ahn J-S, Jo E- 
H, et al. LRRK2 functions as a scaffolding kinase of 
ASK1I1-mediated neuronal cell death. Biochimica et 
Biophysica Acta (BBA)-Molecular Cell Research. 
2017;1864:2356-68. 

[41] Ray S, Bender S, Kang S, Lin R, Glicksman MA, Liu 
M. The Parkinson disease-linked LRRK2 protein 
mutation [2020T stabilizes an active state conformation 
leading to increased kinase activity. Journal of 
Biological Chemistry. 2014;289:13042-53. 

[42] Liu M, Kang S, Ray S, Jackson J, Zaitsev AD, Gerber 
SA, et al. Kinetic, mechanistic, and structural modeling 
studies of truncated wild-type leucine-rich repeat 
kinase 2 and the G2019S mutant. Biochemistry. 
2011;50:9399-408. 

[43] Chen H, Chan BK, Drummond J, Estrada AA, Gunzner- 
Toste J, Liu X, et al. Discovery of selective LRRK2 
inhibitors guided by computational analysis and 
molecular modeling. Journal of medicinal chemistry. 
2012;55:5536-45. 

[44] Choi HG, Zhang J, Deng X, Hatcher JM, Patricelli MP, 
Zhao Z, et al. Brain penetrant LRRK2 inhibitor. ACS 
medicinal chemistry letters. 2012;3:658-62. 

[45] Kavanagh ME, Doddareddy MR, Kassiou M. The 
development of CNS-active LRRK2 inhibitors using 
property-directed optimisation. Bioorganic & 
medicinal chemistry letters. 2013;23:3690-6. 

[46] Estrada AA, Liu X, Baker-Glenn C, Beresford A, 
Burdick DJ, Chambers M, et al. Discovery of highly 
potent, selective, and brain-penetrable leucine-rich 
repeat kinase 2 (LRRK2) small molecule inhibitors. 
Journal of medicinal chemistry. 2012;55:9416-33. 

[47] Chai C, Lim K-LJCg. Genetic insights into sporadic 
Parkinson's disease pathogenesis. 2013;14:486-501. 

[48] Rotter A, Lenz B, Pitsch R, Richter-Schmidinger T, 
Kornhuber J, Rhein C. Alpha-synuclein RNA 
expression is increased in major depression. 
International journal of molecular sciences. 
2019;20:2029. 

[49] Ebanks K, Lewis PA, Bandopadhyay R. Vesicular 
Dysfunction and the Pathogenesis of Parkinson’s 
Disease: Clues From Genetic Studies. Frontiers in 
Neuroscience. 2019;13. 

[50] Heman-Ackah SM, Manzano R, Hoozemans JJ, 
Scheper W, Flynn R, Haerty W, et al. Alpha-synuclein 
induces the unfolded protein response in Parkinson’s 
disease SNCA riplication iPSC-derived neurons. 
Human molecular genetics. 2017;26:4441-50. 

[51] Flagmeier P, Meisl G, Vendruscolo M, Knowles TP, 
Dobson CM, Buell AK, et al. Mutations associated with 
familial Parkinson’s disease alter the initiation and 
amplification steps of a-synuclein aggregation. 


Biomedical Letters 2020; 6(2):164-176 


Proceedings of the National Academy of Sciences. 
2016;113:10328-33. 

[52] Emamzadeh FN. Alpha-synuclein structure, functions, 
and interactions. Journal of research in medical 
sciences: the official journal of Isfahan University of 
Medical Sciences. 2016;21. 

[53] Logan T, Bendor J, Toupin C, Thorn K, Edwards RH. 
a-Synuclein promotes dilation of the exocytotic fusion 
pore. Nature neuroscience. 2017;20:681. 

[54] PANDA S, GUTTULA PK. DESIGN OF NOVEL 
INHIBITORS TARGETING THE MUTATED 
PROTEIN OF ALPHA SYNUCLEIN USING 
COMPUTATIONAL APPROACH. Int J Pharma Bio 
Sci. 2017;8:330-7. 

[55] Bakhit YHY, Ibrahim MOM, Amin M, Mirghani YA, 
Hassan MAS. In silico analysis of SNPs in PARK2 and 
PINK1 genes that potentially cause autosomal recessive 
Parkinson disease. Advances in bioinformatics. 
2016;2016. 

[56] Klein C, Westenberger A. Genetics of Parkinson’s 
disease. Cold Spring Harbor perspectives in medicine. 
2012;2:a008888. 

[57] Song S, Jang S, Park J, Bang S, Choi S, Kwon K-Y, et 
al. Characterization of PINK1 (PTEN-induced putative 
kinase 1) mutations associated with Parkinson disease 
in mammalian cells and Drosophila. Journal of 
Biological Chemistry. 2013;288:5660-72. 

[58] Rakovic A, Shurkewitsch K, Seibler P, Griinewald A, 
Zanon A, Hagenah J, et al. Phosphatase and Tensin 
Homolog (PTEN)-induced Putative Kinase | (PINK1)- 
dependent Ubiquitination of Endogenous Parkin 
Attenuates Mitophagy STUDY IN HUMAN 
PRIMARY FIBROBLASTS AND INDUCED 
PLURIPOTENT STEM CELL-DERIVED NEURONS. 
Journal of Biological Chemistry. 2013;288:2223-37. 

[59] Ando M, Fiesel FC, Hudec R, Caulfield TR, Ogaki K, 
Gorka-Skoczylas P, et al. The PINKI p. [368N 
mutation affects protein stability and ubiquitin kinase 
activity. Molecular neurodegeneration. 2017;12:32. 

[60] Haylett W, Swart C, Van der Westhuizen F, Van Dyk 
H, Van der Merwe L, Van der Merwe C, et al. Altered 
mitochondrial respiration and other features of 
mitochondrial function in parkin-mutant fibroblasts 
from Parkinson’s disease patients. Parkinson’s Disease. 
2016;2016. 

[61] Chen S, Annesley SJ, Jasim RA, Musco VJ, Sanislav O, 
Fisher PR. The Parkinson's disease-associated protein 
DJ-1 plays a positive nonmitochondrial role in 
endocytosis in Dictyostelium cells. Disease models & 
mechanisms. 2017;10:1261-71. 

[62] Malgieri G, Eliezer D. Structural effects of Parkinson's 
disease linked DJ-1 mutations. Protein Science. 
2008;17:855-68. 

[63] Culleton BA, Lall P, Kinsella GK, Doyle S, McCaffrey 
J, Fitzpatrick DA, et al. A role for the Parkinson’s 
disease protein DJ-1 as a chaperone and antioxidant in 
the anhydrobiotic nematode Panagrolaimus superbus. 
Cell Stress and Chaperones. 2015;20:121-37. 

[64] Chandrasekar S, Thangarajan S, Loganathan S, 
Sundaram S, Kumarasamy P. Molecular docking 
studies of Bacoside-A, an active component of Bacopa 


174 


monniera with DJ1 for Anti-Parkinson's drug design. 
Biomirror: 44. 2013;48. 

[65] Repici M, Giorgini F. DJ-1 in Parkinson’s Disease: 
Clinical Insights and Therapeutic Perspectives. Journal 
of clinical medicine. 2019;8:1377. 

[66] Shah H, Darsey J. Computational Modeling Studies of 
the LRRK2 Protein in the Mechanism of Parkinson’s 
Disease. Curr Trends Biomedical Eng & Biosci. 
2017;7:1-6. 

[67] Domingos S, Duarte T, Saraiva L, Guedes RC, Moreira 
R. Targeting leucine-rich repeat kinase 2 (LRRK2) for 
the treatment of Parkinson's disease. Future medicinal 
chemistry. 2019;11:1953-77. 

[68] Dzamko N, Zhou J, Huang Y, Halliday GM. 
Parkinson’s disease-implicated kinases in the brain; 
insights into disease pathogenesis. Frontiers in 
molecular neuroscience. 2014;7:57. 

[69] Aarthy M, Panwar U, Selvaraj C, Singh SK. Advantages 
of structure-based drug design approaches in 
neurological disorders. Current neuropharmacology. 
2017;15:1136-55. 

[70] Nagarajan N, Chellam J, Kannan RR. Exploring the 
functional impact of mutational drift in LRRK2 gene 
and identification of specific inhibitors for the 
treatment of Parkinson disease. Journal of cellular 
biochemistry. 2018;119:4878-89. 

[71] Sebastian-Pérez V, Martinez MJ, Gil C, Campillo NE, 
Martinez A, Ponzoni I. QSAR Modelling to Identify 
LRRK2 Inhibitors for Parkinson’s Disease. Journal of 
integrative bioinformatics. 2019;16. 

[72] Ysselstein D, Nguyen M, Young TJ, Severino A, 
Schwake M, Merchant K, et al. LRRK2 kinase activity 
regulates lysosomal glucocerebrosidase in neurons 
derived from Parkinson’s disease patients. Nature 
Communications. 2019;10:1-9. 

[73] Pihlstrom L, Blauwendraat C, Cappelletti C, Berge- 
Seidl V, Langmyhr M, Henriksen SP, et al. A 
comprehensive analysis of SNCA-related genetic risk 
in sporadic parkinson disease. Annals of neurology. 
2018;84:117-29. 

[74] Olah J, Ovadi J. Pharmacological targeting of a- 
synuclein and TPPP/p25 in Parkinson's disease: 
challenges and opportunities in a Nutshell. FEBS 
letters. 2019;593:1641-53. 

[75] Kessler C, Atasu B, Hanagasi H, Simoén-Sanchez J, 
Hauser A-K, Pak M, et al. Role of LRRK2 and SNCA 
in autosomal dominant Parkinson's disease in Turkey. 
Parkinsonism & related disorders. 2018;48:34-9. 

[76] Osgerby L, Lai Y-C, Thornton PJ, Amalfitano J, Le 
Duff CcS, Jabeen I, et al. Kinetin riboside and its 
ProTides activate the Parkinson’s disease associated 
PTEN-induced putative kinase 1 (PINK1) independent 
of mitochondrial depolarization. Journal of medicinal 
chemistry. 2017;60:3518-24. 

[77] Cai X, Qiao J, Knox T, Iriah S, Kulkarni P, Madularu 
D, et al. In search of early neuroradiological biomarkers 
for Parkinson’s Disease: Alterations in resting state 
functional connectivity and gray matter 
microarchitecture in PINK1-—/— rats. Brain research. 
2019;1706:58-67. 

[78] Geisler S, Holmström KM, Skujat D, Fiesel FC, 
Rothfuss OC, Kahle PJ, et al. PINK1/Parkin-mediated 


Biomedical Letters 2020; 6(2):164-176 


mitophagy is dependent on VDAC1 and p62/SQSTM 1. 
Nature cell biology. 2010;12:119-31. 

[79] Geisler S, Holmstrom KM, Treis A, Skujat D, Weber 
SS, Fiesel FC, et al. The PINK1/Parkin-mediated 
mitophagy is compromised by  PD-associated 
mutations. Autophagy. 2010;6:871-8. 

[80] Siuda J, Jasinska-Myga B, Boczarska-Jedynak M, 
Opala G, Fiesel FC, Moussaud-Lamodieére EL, et al. 
Early-onset Parkinson's disease due to PINKI p. 
Q456X mutation—clinical and functional study. 
Parkinsonism & related disorders. 2014;20:1274-8. 

[81] Puschmann A, Fiesel FC, Caulfield TR, Hudec R, Ando 
M, Truban D, et al. Heterozygous PINKI p. G411S 
increases risk of Parkinson’s disease via a dominant- 
negative mechanism. Brain. 2017;140:98-117. 

[82] Ruiz-Lopez M, Freitas ME, Oliveira LM, Munhoz RP, 
Fox SH, Rohani M, et al. Diagnostic delay in 
Parkinson's disease caused by PRKN mutations. 
Parkinsonism Relat Disord. 2019;63:217-20. 

[83] Biswas R, Bagchi A. A comprehensive computational 
study on pathogenic mis-sense mutations spanning the 
RING2 and REP domains of Parkin protein. Gene. 
2017;610:49-58. 

[84] Yi W, MacDougall EJ, Tang MY, Krahn AI, Gan-Or Z, 
Trempe JF, et al. The landscape of Parkin variants 
reveals pathogenic mechanisms and therapeutic targets 
in Parkinson's disease. Hum Mol Genet. 2019;28:2811- 
25. 

[85] González-Barbosa E, García-Aguilar R, Vega L, 
Cabañas-Cortés MA, Gonzalez FJ, Segovia J, et al. 
Parkin is transcriptionally regulated by the aryl 
hydrocarbon receptor: Impact on a-synuclein protein 
levels. Biochemical pharmacology. 2019;168:429-37. 

[86] Guida M, Zanon A, Montibeller L, Lavdas AA. Parkin 
Interacts with Apoptosis-Inducing Factor and Interferes 
with Its Translocation to the Nucleus in Neuronal Cells. 
2019;20. 

[87] Cao J, Lou S, Ying M, Yang B. DJ-1 as a human 
oncogene and potential therapeutic target. Biochemical 
pharmacology. 2015;93:241-50. 

[88] Pandey S, Dhusia K, Katara P, Singh S, Gautam B. An 
in silico analysis of deleterious single nucleotide 
polymorphisms and molecular dynamics simulation of 
disease linked mutations in genes responsible for 
neurodegenerative disorder. Journal of Biomolecular 
Structure and Dynamics. 2019:1-14. 

[89] Leggio L, Vivarelli S, L’Episcopo F, Tirolo C, Caniglia 
S, Testa N, et al. microRNAs in Parkinson’s disease: 
from pathogenesis to novel diagnostic and therapeutic 
approaches. International journal of molecular 
sciences. 2017;18:2698. 

[90] JHA SK, KUMAR P. AN IN SILICO STUDY OF 
NARINGENIN-MEDIATED NEUROPROTECTION 
IN PARKINSON’S. Asian J Pharm Clin Res. 
2017;10:171-6. 

[91] Kumar DT, Iyer S, Christy JP, Siva R, Tayubi IA, Doss 
CGP, et al. A comparative computational approach 
toward pharmacological chaperones (NN-DNJ and 
ambroxol) on N370S and L444P mutations causing 
Gaucher's disease. Advances in protein chemistry and 
structural biology: Elsevier; 2019. p. 315-39. 


175 


[92] Gan-Or Z, Liong C, Alcalay RN. GBA-associated 
Parkinson’s disease and other synucleinopathies. 
Current neurology and neuroscience reports. 
2018318:44. 

[93] Lesage S, Brice AJP, disorders r. Role of Mendelian 
genes in “sporadic” Parkinson's disease. 2012;18:S66- 
S70. 

[94] Bose A, Beal MF. Mitochondrial dysfunction in 
Parkinson's disease. Journal of neurochemistry. 
2016;139:216-31. 

[95] Riboldi GM, Di Fonzo AB. GBA, Gaucher disease, and 
Parkinson’s disease: from genetic to clinic to new 
therapeutic approaches. Cells. 2019;8:364. 

[96] Kumar DT, Eldous HG, Mahgoub ZA, Doss CGP, 
Zayed H. Computational modelling approaches as a 
potential platform to understand the molecular genetics 
association between Parkinson’s and Gaucher diseases. 
Metabolic brain disease. 2018;33:1835-47. 

[97] McMahon B, Aflaki E, Sidransky E. Chaperoning 
glucocerebrosidase: a therapeutic strategy for both 
Gaucher disease and Parkinsonism. Neural 
regeneration research. 2016;11:1760. 

[98] Wang W, Wang X, Fujioka H, Hoppel C, Whone AL, 
Caldwell MA, et al. Parkinson's disease—associated 
mutant VPS35 causes mitochondrial dysfunction by 
recycling DLP! complexes. Nature medicine. 
2016;22:54. 

[99] Williams ET, Chen X, Moore DJ. VPS35, the Retromer 
Complex and Parkinson's Disease. J Parkinsons Dis. 
2017;7:219-33. 

[100] Mohan M, Mellick GD. Role of the VPS35 D620N 
mutation in Parkinson's disease. Parkinsonism Relat 
Disord. 2017;36:10-8. 

[101] Bose A, Beal MF. Mitochondrial dysfunction in 
Parkinson's disease. J Neurochem. 2016;139 Suppl 
1:216-31. 

[102] Trinh J, Zeldenrust FMJ, Huang J, Kasten M, Schaake 
S, Petkovic S, et al. Genotype-phenotype relations for 
the Parkinson's disease genes SNCA, LRRK2, VPS35: 
MDSGene systematic review. Movement disorders : 
official journal of the Movement Disorder Society. 
2018;33:1857-70. 

[103] Li X, Hattori A, Takahashi S, Goto Y, Harada H. 
Ubiquitin carboxyl-terminal hydrolase L1 promotes 
hypoxia-inducible factor 1-dependent tumor cell 
malignancy in spheroid models. 2020;111:239-52. 

[104] Tramutola A, Di Domenico F, Barone E, Perluigi M, 
Butterfield DA. It Is All about (U)biquitin: Role of 
Altered Ubiquitin-Proteasome System and UCHLI in 
Alzheimer Disease. Oxidative medicine and cellular 
longevity. 2016;2016:2756068. 

[105] Dhawan S, Chouhan U. Computational Analysis of 
Polymorphisms of Ubiquitin Carboxyl—Terminal 
Esterase L1 (UCHL1) Gene Involved in Parkinson’s 
Disease. BIOSCIENCE BIOTECHNOLOGY 
RESEARCH COMMUNICATIONS. 2016;9:503-11. 


Biomedical Letters 2020; 6(2):164-176 


[106] Rydning SL, Backe PH, Sousa MML, Iqbal Z, Oye 
AM, Sheng Y, et al. Novel UCHL1 mutations reveal 
new insights into ubiquitin processing. Hum Mol 
Genet. 2017;26:1031-40. 

[107] Ragland M, Hutter C, Zabetian C, Edwards K. 
Association between the ubiquitin carboxyl-terminal 
esterase LI gene (UCHLI) SI8Y variant and 
Parkinson's Disease: a HuGE review and meta-analysis. 
American journal of epidemiology. 2009;170:1344-57. 

[108] Chung KK, Zhang Y, Lim KL, Tanaka Y, Huang H, 
Gao J, et al. Parkin ubiquitinates the alpha-synuclein- 
interacting protein, synphilin-1: implications for Lewy- 
body formation in Parkinson disease. Nat Med. 
2001;7:1144-50. 

[109] Yang X, Xu Y. Mutations in the ATP13A2 gene and 
Parkinsonism: a preliminary review. BioMed research 
international. 2014;2014:371256. 

[110] Schmidt K, Wolfe DM, Stiller B, Pearce DA. Cd2+, 
Mn2+, Ni2+ and Se2+ toxicity to Saccharomyces 
cerevisiae lacking YPK9p the orthologue of human 
ATP13A2. Biochemical and biophysical research 
communications. 2009;383:198-202. 

[111] Tan J, Zhang T, Jiang L, Chi J, Hu D, Pan Q, et al. 
Regulation of intracellular manganese homeostasis by 
Kufor-Rakeb syndrome-associated ATP13A2 protein. 
Journal of Biological Chemistry. 2011;286:29654-62. 

[112] Estrada-Cuzcano A, Martin S, Chamova T, Synofzik 
M, Timmann D, Holemans T, et al. Loss-of-function 
mutations in the ATP1I3A2/PARK9 gene cause 
complicated hereditary spastic paraplegia (SPG78). 
Brain. 2017;140:287-305. 

[113] Dehay B, Ramirez A, Martinez-Vicente M, Perier C, 
Canron M-H, Doudnikoff E, et al. Loss of P-type 
ATPase ATP13A2/PARK9 function induces general 
lysosomal deficiency and leads to Parkinson disease 
neurodegeneration. Proceedings of the National 
Academy of Sciences. 2012;109:9611-6. 

[114] Chen CM, Lin CH, Juan HF, Hu FJ, Hsiao YC, Chang 
HY, et al. ATPI3A2 variability in Taiwanese 
Parkinson's disease. American Journal of Medical 
Genetics Part B: Neuropsychiatric Genetics. 
2011;156:720-9. 

[115] Sehgal SA, Khattak NA, Mir AJTB, Modelling M. 
Structural, phylogenetic and docking studies of D- 
amino acid oxidase activator (DAOA), a candidate 
schizophrenia gene. 2013;10:3. 

[116] Sehgal SA. Pharmacoinformatics, adaptive evolution, 
and elucidation of six novel compounds for 
schizophrenia treatment by targeting DAOA (G72) 
isoforms. 2017;2017. 

[117] Ranjan R, Vinayak S. DYNAMICS OF 
BIOINFORMATICS IN THE ARTIFICIAL 
DESIGNING OF DRUGS. Journal of Global 
Biosciences. 2019;8:6137-45. 

[118] Sehgal SA, Mirza AH, Tahir RA, Mir A. Quick 
Guideline for Computational Drug Design: Bentham 
Science Publishers; 2018. 


176 


